Abstract. According to the ITRS, a significant decrease in lateral resolution and thickness of resists is anticipated for the forthcoming decade. In order to study in-situ the dissolution of thin resist films, a set-up based on multiwavelength interferometry was developed. Using this setup and an appropriate fitting algorithm, based on the interference function, the resist thickness vs. time is calculated. In the present work, the dissolution of PMMA in a 20-300nm thickness range is studied. First results showed that in the case of ultra thin films of high molecular weights, dissolution proceeds smoothly after an initial surface inhibition period while thicker films present a more complex dissolution curve. In the case of low molecular weight (15K) the surface inhibition period is negligible and dissolution proceeds smoothly for the whole thickness range examined. PMMA films exposed with various DUV doses exhibit similar behavior with the unexposed films in terms of dissolution inhibition.
Introduction
The need for further reduction and higher performance of the integrated circuits drives the development of new and further optimization of existing patterning methodologies/tools and materials. According to the International Technology Roadmap for Semiconductors the lithographic requirements for the following years will continue to decrease and it is expected to reach 45nm at year 2010 and 22nm at year 2016 [1] . This resolution improvement, should be followed by analogous resist film thickness reduction in order to keep the aspect ratio in a reasonable value (~3:1), i.e. the resist thickness should be ~150nm at 2010 and ~70nm at 2016.
During the last 10-15 years research effort has been devoted worldwide, to the understanding of the thin resist film properties and their effect on the lithographic performance [2] . The established methods for the characterization of polymeric films and in particular resists, provide information attributed to the average properties, sometimes not applicable on thin films. Therefore, it is necessary to develop in-situ characterization methodologies for thin films that provide detailed information vs. depth. For example the majority of the experimental studies, use a single wavelength interferometric set-up [3] [4] to evaluate the dissolution characteristics of polymeric films several hundred nanometers thick.
The most important properties that change in thin films, are the glass transition temperature (T g film ) [5] and the dissolution rate [6] . The aim of the present work is to present a methodology based on multiwavelength interferometry for the in-situ characterization of dissolution of ultra thin resist films, exploring poly (methyl methacrylate) (PMMA) films at a wide molecular weight and thickness range.
Experimental

Experimental set-up & materials
The dissolution study was performed on a home made apparatus consisting mainly of a transparent cell where the dissolution takes place, and two optical fibers, outside the cell, at proper geometry (figure 1). The sample is properly mounted on a holder inside the cell filled with the solvent of interest and the data acquisition was properly initiated with the sample insertion. During all the experiments, the solvent was stirred with a magnetic stirrer. The white light (Avalight, Avantes), is guided through one of the optical fibers and after being transmitted through the cell window and solvent, incidents on the sample at near-normal incidence. The incident light covers the 470-740nm spectrum where the absorbance of cell, resist and solvents is negligible. The reflected signal from the substrate is directed through the second optical fiber to a PC drive spectrometer (Ocean Optics) with a spectrum acquisition rate of 1 spectrum/sec rate and finally is recorded in the PC. PMMA resist is still the mostly used positive resists for electron beam lithography applications. The resists we used, were prepared (after 96 hours stirring and then filtering) from PMMA polymer in propyl glycol mether ether acetate (PGMEA), in various concentrations in order to cover a wide resist thickness range (20-300nm) and in three molecular weights, 15K, 350K, 996K in order to study the effect of molecular weight on the dissolution rate. The resist films were obtained after spin coating at proper speed and subsequent post apply bake (PAB) at 120 0 C for 30min on a hot plate. The substrates used, were thermally oxidized (1100 0 C, 200min wet oxidation) Si wafers giving an SiO 2 thickness of 1100nm. The SiO 2 layer and initial resist properties (thickness, optical Cauchy constants) were measured with a spectroscopic ellipsometer and used in each resist thickness calculation (section 2.2).
Thickness calculation algorithm
The primary light passing through the developer solution, incidents on the developer/resist interface, and after partial reflection is transmitted through the resist layer, where, after a partial reflection on the resist /substrate interface continues inside the SiO 2 layer where the absorbance is negligible. Finally the light is totally reflected at the SiO 2 /Si interface. The three beams emerging from the sample cause a final interference signal which is directed through the optical fiber to the spectrometer with a total energy E, approximated by the interference equation [7] as:
where: and r 01 , r 12 , r 23 are the relative refractive indices between adjacent layers (0 is considered as solvent, 1 the polymeric film, 2 the SiO 2 layer and 3 the Si substrate), n 1 , n 2 the refractive indices of the polymeric film and the silicon oxide respectively, d 1 , d 2 the thickness of the polymeric film and the silicon oxide and λ the corresponding wavelength. In this equation the reflections within each layer are ignored for simplicity but without severe effect on the methodology's accuracy.
The application of equation 1 for the whole spectrum allows the calculation of the each time resist thickness. In figure 2 the obtained spectrums and the according ones after the application of equation 1 are compare and the agreement shown is satisfactory. Typical calculation times for a Pentium 2.8GHz are 5min for 1500 spectrums. The existence of the SiO 2 layer is necessary for effective application of this methodology for thin films by providing an adequate number of extrema in the spectrum [8] .
Results
Even though PMMA is extensively used for the fabrication of ultra high resolution structures very limited work has been devoted in the study of its ultra thin film dissolution. In the present study the effect of MIBK-IPA 1-1 and IPA-H 2 O 7-3 developers [9] on the dissolution of PMMA is examined. In figures 3,4, the dissolution of unexposed PMMA films for the 996K and 15K is illustrated respectively. For better visualization and comparison of the results, the thickness data have been normalized in respect to the initial resist thickness. In the 996K case, the dissolution behavior is the same for all film thicknesses exhibiting dissolution inhibition (DI) at the beginning of the dissolution and changes afterwards depending strongly only on the initial thickness. For thicknesses < 60nm the dissolution proceeds smoothly after the DI period while for thicker films intermediate dissolution inhibition plateau are observed. Similar behavior was observed for the 350K molecular weight case. On the other hand, in the 15K case, there it is no DI period and the dissolution proceeds smoothly for the whole thickness range.
Since PMMA is a positive tone resist it is very interesting to study the dissolution behavior of exposed regions. First a contrast curve experiment was carried out using a broad band DUV Hg-Xe lamp (Oriel) and the exposure doses for the initiation of the thickness loss and the complete removal of PMMA, for a development time of 60sec, were determined. Exposed samples at these two doses as well as one more corresponding to the middle of the contrast curve were studied using the dissolution apparatus. In figure 5 , the dissolution behavior of the samples in the MIBK-IPA 1-1 developer are presented. Interestingly the dissolution behavior of unexposed samples is also observed clearly for the small (500sec) and medium (1800sec) exposure dose. The same phenomenon is also observed for the IPA 1-1 developer. 
Conclusions
In order to study in-situ the dissolution of thin resist films, a set-up based on multiwavelength interferometry was developed. Visible light is guided through a fiber optic on the film and after reflection it is directed to a spectrometer and recorded in real time. Using this set-up and an appropriate fitting algorithm, based on the interference function, the resist thickness vs. time is calculated.
In the present work, the dissolution of PMMA films of 996K, 350K and 15K molecular weights in a 20-300nm thickness range is studied. First results showed that in the case of high molecular weights (996K, 350K), the dissolution exhibits an initial surface inhibition for all thicknesses and proceeds smoothly for the ultra thin films while presenting a more complex dissolution curve for the thicker ones. In the case of low molecular weight (15K) the surface inhibition period is negligible and dissolution proceeds smoothly for the whole thickness range examined. In the case of exposed samples at appropriate exposure doses similar behavior is observed.
Further research on PMMA dissolution properties using additional developer solutions and broader PAB temperature range is in progress.
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